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I n t r o d u c t i o n  
A Laser  Velocimetry s eed ing  sys tem has  been s p e c i f i c a l l y  developed f o r  
t h e  Langley Low Turbulence W i d  Tunnel (LTPT), and i t  h a s  been s u c c e s s f u l l y  
used f o r  LV measurements i n  two major  t e s t s  ( J u n c t u r e  Flow Experiment and 
Gi i r t l e r  Experiment) .  D e t a i l e d  d e s c r i p t i o n  of  t h e  LV sys tem i s  found i n  
Ref. 1. The I,TPT (Fig. 1 )  i s  c a p a b l e  of o p e r a t i n g  a t  Mach numbers from 0.C5 
t o  0.50 and u n i t  Reynolds numbers from 100,000 t o  15,000,000 pe r  f o o t .  The 
t e s t  s e c t i o n  is  3 f e e t  wide and 7.5 f e e t  high.  The t u r b u l e n c e  l e v e l  i n  t h e  
tes t  s e c t i o n  is  r e l a t i v e l y  low because  of t h e  h igh  c o n t r a c t i o n  r a t i o  and 
because  of t h e  n i n e  t u r b u l e n c e  r e d u c t i o n  s c r e e n s  i n  t h e  s e t t l i n g  chamber. A 
primary requi rement  o f  t h e  s e e d i n g  system was t h a t  t h e  s e e d i n g  m a t e r i a l  
n o t  contaminate  o r  d a a g e  i n  any way t h e s e  s c r e e n s .  Both s o l i d  and l i q u i d  
s eed ing  sys tems were e v a l u a t e d ,  and t h e  r e s u l t s  a r e  p r e s e n t e d  h e r e i n .  They 
c a n  provide  some g u i d e l i n e s  f o r  s e t t i n g  up seed ing  sys tems i n  o t h e r  similar 
tcinnels.  
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Desi red  S i z e  of Seeding P a r t i c l e s  
S ince  t h e  LDV measures p a r t i c l e  v e l o c i t y  and n o t  f l u i d  v e l o c i t y ,  t h e  
p a r t i c l e s  must be small enough t o  f o l l o w  t h e  f low s t r eam but  l a r g e  enough t o  
b e  d e t e c t e d .  The p a r t i c l e s  must have small d i ame te r  v a r i a t i o n  
(mono-dispersed) i n  o r d e r  t o  make r e l i a b l e  t u r b u l e n c e  measurements. 
The p a r t i c l e  s i z e  is a l s o  governed by t h e  r equ i r emen t  t h a t  t h e r e  
b e  no d e p o s i t s  on t h e  s c r e e c s .  A p o t e n t i a l  f l o w  a n a l y s i s  of  k a o l i n  p a r t i c l e s  
o f  v a r i o u s  s i z e s  moving p a s t  a  c y l i n d e r  was cortducted, and t h e  r e s u l t s  a r e  
shown i n  Fig. 2. These r e s u l t s  i n d i c a t e  t h a t  t h e  f r a c t i o n  of p a r t i c l e s  
impact ing  on t h e  c y l i n d e r  i n c r e a s e s  w i th  i n c r e a s i n g  p a r t i c l e  s i z e .  It was 
concluded from t h e s e  r e s u l t s  t h a t  t h e  d e s i r e d  s i z e  o f  t h e  p a r t i c l e s  should  be 
below one micron i n  d i a q e t e r ,  i n  o r d e r  t o  lninilnize p a r t i c l e  bui ld-up on t h e  
s c r e e n s .  
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So?<d "‘title Seeding 
A s p e c i a l  experiment was s e t  up t o  eva lua te  and g a i n  i n s i g h t  i n t o  
s o l i d - p a r t i c l e  seeding problems. I n  a n  a t tempt  t o  minimize e l e c t r i c  f o r c e s  
e x e r t e d  on e l e c t r i c a l l y  charged p a r t i c l e s ,  k a o l i n ,  an i n e r t  m a t e r i a l ,  was 
chosen f i r s t .  The p a r t i c l e s  were i n j e c t e d  i n t o  t h e  flow stream i n  t h e  
d i f f u s e r  between t h e  t e s t  s e c t i o n  and t h e  d r i v e  fan ,  and the  p a r t i c l e  d a t a  
r a t e  was measured wi th  a  Laser  T r a n s i t  Anemometer. The p a r t i c l e  d a t a  r a t e  
is shown I n  Fig. 3 a s  a f u n c t i o n  of  time. 
TIME FROM MAXIMUM DATA RATE, MINUTES 
S o l i d  P a r t i c l e  Seeding 
I n  o r d e r  t o  e v a l u a t e  g r a v i t a t i o n a l  s e t t l i n g  t h e  wind t u n n e l  was tu rned  
o f f  f o r  a  13-20 minute time pe r iod  and t h e n  t h e  t u n n e l  was r e s t a r t e d .  Fig. 4 
shows t h a t  t h e  p a r t i c l s  decay r a t e  is no t  a f u n c t i o n  o f  time when t h e r e  i s  no 
f low,  i.e., g r a v i t a t i o n a l  s e t t l i n g  r a t e  i s  i n s i g n i f i c a n t .  F igs ,  3 and 4 
i n d i c a t e  t h a t  t h e  decay r a t e  is p r o p o r t i o n a l  t o  t u n n e l  speed ,  w i t h  a  15% l o s s  
o f  p a r t i c l e s  e v e r y  minute at'MpO.1. Globs of  p a r t i c l e s  were found j u s t  
downstream of t h e  i n s e r t i o n  p o i n t ,  u s u a l l y  on t h e  t u n n e l  t u r n i n g  vaces.  
T e s t s  c o ~ ~ d u c t e d  w i t h  go ld  p a r t i c l e s  y i s i d e d  similar r e s u l t s .  Th i s  i m p l i e s  
t h a t  con t inuous  tunne l  o p e r a t i o n  w i l l  r e q u i r e  con t inuous  seeding .  But, 
accumula t ion  o f  solid p a r t i c l e s  i n s i d e  a  c l o s e d - c i c u i t  t u n n e l  i s  not 
cons ide red  d e s i r a b l e  s i n c e  t h i s  w i l l  i nvo lve  f r e q u e n t ,  time-consuming t u n n e l  
c l eanups .  
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Liquid P a r t i c l e  Seeding : Choice of Pa r t i c l ee  
1- the l i qu id  particler are too l a rge ,  then a la rger  percentage of them 
w i l l  iqpact on the  rcreanr  (Fig. 2). I f  the screen wetting r a t e  i s  f a s t e r  
than the  d r j i m  r a t e  due t o  l i qu id  evaporation, t he  l i qu id  could c o l l e c t  d i r t  
i n  t he  tunnel. Therefore, i t  is dee i rab le  t o  generate emall p a r t i c l e s  and t o  
use a l i qu id  which ir v o l a t i l e  enough t h a t  it w i l l  evaporate., Further,  a 
eafe  and r ead i ly  ava i lab le  l i qu id  i e  deeirable.  
Keroeene, which s a t i s f i e d  most of t he  requirements, l e f t  residues on a 
t e a t  ccreen, and therefore i t  wae not acceptable. 
Uowever, kerorene is made up of a amber  of purer hydrocarbon 
componaate. Of there ,  dodecane, t r idecane,  and tetradecane have drople t  
forming cha rac t e r i e t i ce  very nearly equal t o  t ha t  of keroeene. These 
hydrocarron f lu id8  can be obtained i n  a highly ref ined state, and they 
evaporate1 c w p l a t e l y  from the  ecreene. 
Bthanrll a leo  hae very good seeding cha rac t e r i e t i ce ,  but it  i s  highly 
vo la t i l e .  
P a r t i c l e  Size Evaluation : Bvaluatlon of Analyzer 
Before the  p a r t i c l e  rise analyzer could be ueed f o r  evaluating the  
seeding pa r t i c l ee ,  i t  was important t o  check the  ca l ib ra t ion  of the analyzer.. 
Ref. 3 indicated t h a t  the percentage of ambient pa r t i c l ee  of radiue g rea t e r  
than r var ies  e e  r3 f o r  p a r t i c l e s  between 0.05 micron and 1 micron i a  
diameter. The p a r t i c l e  s i z e  analyzer m e  ueed t o  a m p l e  embient p a r t i c l e s ,  
and the  aample da t a  i n  Fig. 5 a r e  ehom with d i f f e r e n t  eymbols f o r  each 
ambient p a r t i c l e  e i ze  t ee t .  Also ehown on the f igure  is the  r 3  l i n e ,  
which is s t r a i g h t  on the log-log plot .  I n  general the waru red  ambient 
condition agrees f a i r l y  wel l  over the  p a r t i c l e  diameters of i n t e r ee t .  It 
was concluded from ambient measurements t h a t  t he  p a r t i c l e  analyzer was working 
properly and would be adequate f o r  measuring the  p a r t i c l e s  generated by the  
generator.  
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Particle Size Evaluation : Salid Particles 
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Polystyrene particles of very small size (e.g., 0.5 micron) with a very 
:, 1 narrow variation in particle size can be commercially purchased. But in order to have mono-dispersed particles in the flow stream the ability to mcriatain these individual particles is important. This aspect was evaluated 
by dispersing polystyrene particles with an atomizer and analyzing the 
i resulting size distribution. The results (Fig. 6) showed that a substantial 
. L 
- !  percentage of the particles is larger than the original particle size. This 
i e  : illustrates the difficulty in maintaining the particle size. 
'. ! 
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P a r t i c l e  S ize  Evaluat ion : Liquid  pa^^ 
The s i z e  of t h e  l i q u i d  p a r t i c l e s  g e n e r a l l y  depends on seeder /nozz le  
c l l a r a c t e r i s t i c s  and seeding-materiel  c h a r a c t e r i s t i c s .  But, once genera ted ,  
t h e  p a r t i c l e s  can coagu la te ,  evaporate  o r  condense. These f a c t o r s  can and do 
a f f e c t  t h e  s i z e  of the  genera ted p a r t i c l e s  a f t e r  they l eave  the  nozzle. 
Kerosene, e t h a n o l ,  dodecane, and t r i d e c a n e  were t e s t e d ;  a n  a tomizer  type  
genera to r  was used t o  gencri4c:e the  p a r t i c l e s .  Kerosene p a r t i c l e  d i s t r i b u t i o n  
included a s i g n i f i c a n t  percentage of p a r t i c l e s  l a r g e r  than one micron, 
whereas e t h a n o l ,  dodecane, and t r i d e c a n e  were very nea r ly  niono-dispersed wi th  
very smal l  mean p a r t i c l e  diameter.  Fig. 7 shows t h e  p a r t i c l e  s i z e  
d i s t r i b u t i o n s  of dodecane and t r idecane .  
When dodecane was used a s  seeding m a t e r i a l ,  i t  was found t h a t  t h e  
seeding r a t e  and p a r t i c l e  s i z e  could be c o n t r o l l e d  by varying t h e  tunne l  
temperature.  
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! The d e s i r c d  eeeding p a r t i c l e e  should be below 1 micron i n  d iameter  t o  
i minimlze s c r e e n  contamination.  
t 
t Sol id  p a r t i c l e s  decay a e  a func t lon  of tunne l  speed, r e s u l t i n g  ;n 15% 
1 l o s e  of p 8 r t i c l e s / m i n u t e  a t  a Mach number of 0.1. 
? 
. ,i P a r t i c l e  s i z e  a n a l y e i s  i n  t h e  flow stream i n d i c a t e s  t h e  presence of 
p a r t i c l e s  l a r g e r  than  o r i g i n a l l y  d i spe r sed  ones. ; i 
! Kerosene l eaves  res idue  on t h e  sc reens ;  i t s  p a r t i c l e  s i z e  d i s t r i b u t i o n  
i~ poly-dispersed. 
' t  Ethtinol, dodecane, an3 t r i d e c a n e  p a r t i c l e s  a r e  nea r ly  mono-dispersed. 
Dodecane and t r i d e c a n e  evaporate  completely,  without lea'ving any 
r e s i d u e s  on the  sc reen ,  a a t l e f ~ i n g  the  tunnel  requircrnent. 
-. i 
1 The most s u c c e s s f u l  a p p l i c 6 t i o n  and LC' measurements were obta ined using 
. I  * .  l i q u i d  p a r t i c l e s  ( t r j d e c a n e  and dodecane) i n j e c t e d  thraug;. a l i q u i d  atomizer.  
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